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INTRODUCTION 

The gear used to catch the spiny lobster, Panulirus marginatus, in 

Hawaii is a wire mesh two-chambered California style trap (pot). Commercial 

fishermen use a string of these traps with as many as 250 traps equally 

spaced on a single line. 

Each lobster trap exploits a population of lobsters within a certain 

radius of the trap. I f  the traps are sufficiently close to one another, then 

the area exploited by two or more traps overlap and we say there is gear com- 

petition. 

spacing on a string and lobster catch per trap. 

from the RV Townsend Cromwell and data provided by commercial fishermen. 

I n  this report, we will examine the relationship between trap 

We will use data collected 

THE MODEL AND DATA 

Suppose traps are set at I locations (stations) and suppose at each 

location (i), J different spacings are tested with K traps per strfng. 

Let Cijk be the number of lobsters caught in the kth trap (k = 1, ... , K) 

with spacing j (j = 1, ..., J) at location i (i = I, ..., I). Then 

can be expressed as ‘ijk 

L S T LS LT ST LST 
= B + Bi + B. + Bk + B + Bik + Bjk  + Bijk + eijk ‘ijk o J ij 

where 

= overall mean catch per trap 
BO 

B: = location effect 

Bs = spacing effect 
j 

BE 
B~~ = location-spacing interaction effect 

= trap position on string effect 

ij 
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LT 
B i k  

B~~ 

= l o c a t i o n - t r a p  p o s i t i o n  i n t e r a c t i o n  e f f e c t  

= spac ing - t r ap  p o s i t i o n  i n t e r a c t i o n  e f f e c t  
j k  

LST = spac ing- loca t ion- t rap  p o s i t i o n  i n t e r a c t i o n  B i j k  

= e r r o r  random v a r i a b l e  which is  normally d i s t r i b u t e d  
e i j k  

We are p r i m a r i l y  i n t e r e s t e d  i n  t e s t i n g  Ho : Bs = 0 f o r  a l l  j .  
j 

We have c a t c h  d a t a  c o l l e c t e d  from t h e  Townsend Cromwell f o r  10  

l o c a t i o n s  wi th  one s t r i n g  c o n s i s t i n g  of 8 t r a p s  p e r  s t r i n g  set a t  each of 

5 spac ings  p e r  l o c a t i o n .  

30 fathoms between traps.  

The t r a p  spac ing  t e s t e d  were 10, 15, 20,  25, and 

The commercial d a t a  were ob ta ined  a t  s i x  l o c a t i o n s  us ing  approximately 

20 t r a p s  p e r  s t r i n g  wi th  t r a p  spac ings  s e t  a t  10 and 30 fathoms. A t  two of 

t h e s e  s i x  l o c a t i o n s ,  spac ing  of 20 fathoms between t r a p s  w a s  a l s o  used. 

A l l  d a t a  were c o l l e c t e d  a t  l o c a t i o n s  i n  t h e  Northwestern Hawaiian 

I s l a n d s .  

ANALY S I S 

Research Data 

A three-way ANOVA w a s  used wi th  c a t c h  ra te  p e r  t r a p  as t h e  dependent 

v a r i a b l e  and spac ing ,  l o c a t i o n ,  and p o s i t i o n  on t h e  s t r i n g  as f a c t o r s  o r  

t r ea tmen t s .  Loca t ion  and loca t ion-spac ing  i n t e r a c t i o n  e f f e c t s  w e r e  s i g n i f i  

can t  (11. < 0.001) wh i l e  t h e  t r a p  p o s i t i o n  on s t r i n g  e f f e c t  w a s  n o t  s i g n i f i -  

can t  (P - > 0.05). 

rate p e r  t r a p  makes i t  p o s s i b l e  t o  cons ide r  each t r a p  on a s t r i n g  as a 

r e p l i c a t e  f o r  each l o c a t i o n  and spac ing .  Pool ing  a c r o s s  t r a p  p o s i t i o n  

The l a c k  of a t r a p  p o s i t i o n  on s t r i n g  e f f e c t  on c a t c h  
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reduces t h e  three-way ANOVA t o  a two-way ANOVA wi th  spac ing  and l o c a t i o n  

t r ea tmen t s  and e i g h t  obse rva t ions  ( r e p l i c a t e s )  pe r  c e l l .  The s i g n i f i c a n t  

l o c a t i o n  e f f e c t  and loca t ion-spac ing  i n t e r a c t i o n  e f f e c t  sugges t  t h a t  t h e  

l o c a t i o n s  may r e p r e s e n t  s i tes w i t h  d i f f e r e n t  l o b s t e r  popu la t ion  d e n s i t i e s  

and hence d i f f e r e n t  mean c a t c h  rates. 

An examination of t h e  average  ca t ch  r a t e s  over  a l l  spac ings  f o r  t h e  

e i g h t  obse rva t ions  sugges t s  t h a t  t h e  l o c a t i o n s  can be pooled i n t o  t h r e e  

groups c o n s i s t i n g  of low, medium, and h igh  c a t c h  rates r e p r e s e n t i n g  esti-  

mates of l o b s t e r  d e n s i t y  (Table 1 ) .  Loca t ions  w i t h  c a t c h  rates of less than  

one l o b s t e r  p e r  t r a p  are as s igned  t o  a low d e n s i t y  group, t hose  w i t h  1-2.24 

l o b s t e r s  p e r  t r a p  are a s s igned  t o  a medium d e n s i t y  group, and l o c a t i o n s  w i t h  

c a t c h  rates of 2.25 l o b s t e r s  p e r  t r a p  o r  g r e a t e r  are ass igned  t o  a h i g h  

d e n s i t y  group. 

Subsequent two-way ANOVA wi th  c a t c h  ra te  p e r  t r a p  as t h e  dependent 

v a r i a b l e  and spac ing  and l o c a t i o n  w i t h i n  d e n s i t i e s  as treatments were per- 

formed f o r  t h e  t h r e e  d e n s i t y  l e v e l s .  Loca t ion  e f f e c t s  w i t h i n  t h e  low, 

medium, and h igh  d e n s i t y  groups were n o t  s i g n i f i c a n t  (E > 0.10) whereas 

spac ing  e f f e c t s  were s i g n i f i c a n t  f o r  t h e  medium d e n s i t y  group (P - = 0,004) 

but  no t  f o r  t h e  low and h igh  d e n s i t y  groups (E > 0.10).  

Commercial Data 

Following t h e  approach used wi th  t h e  Townsend Cromwell d a t a ,  t h e  

average c a t c h  rate p e r  t r a p  by l o c a t i o n  f o r  t h e  commercial d a t a  i s  computed 

and t h e  l o c a t i o n s  are p a r t i t i o n e d  i n t o  two groups r e p r e s e n t i n g  h igh  d e n s i t y  

and very h igh  d e n s i t y  (Table 2 ) .  A t  bo th  d e n s i t i e s ,  t h e r e  i s  no d i f f e r e n c e  
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between t h e  c a t c h  rate between 20- and 30-fathom spac ing .  For h igh-dens i ty  

l e v e l s ,  t h e  c a t c h  ra te  a t  t h e  10-fathom spac ing  i s  s i g n i f i c a n t l y  lower than  

t h e  c a t c h  rates a t  t h e  20- o r  30-fathom spac ing  (P - < 0.05).  The d i f f e r e n c e  

between t h e  c a t c h  rate a t  t h e  10-fathom spac ing  and t h e  c a t c h  rates a t  t h e  

20- o r  30-fathom spac ing  i s  n o t  s i g n i f i c a n t  a t  ve ry  h igh-dens i ty  levels.  

CONCLUSIONS 

The r e s u l t s  from both  t h e  Townsend Cromwell and commercial d a t a  sugges t  

t h a t  gea r  compet i t ion  does ex is t  and t h a t  i t  is  d e n s i t y  dependent. Best 

c a t c h  rates p e r  t r a p  are ob ta ined  w i t h  spac ing  between t r a p s  i n  the range  

of 20 t o  25 fathoms f o r  t h e  l o b s t e r  d e n s i t i e s  i n  t h e  Northwestern Hawaiian 

I s l a n d s .  

One i m p l i c a t i o n  of t h e  spac ing  and d e n s i t y  i n t e r a c t i o n  f o r  r e s e a r c h e r s  

is  t h a t  when e s t i m a t i n g  r e l a t i v e  abundance by c a t c h  p e r  u n i t  e f f o r t  (CPUE), 

one must be  c a r e f u l  t o  u s e  a l a r g e  enough spac ing  t o  avoid d e n s i t y  dependent 

gea r  compet i t ion .  For example, based on t h e  r e s u l t s  of Table 2 ,  i f  10-fathom 

spac ing  were used, t h e  CPUE f o r  h igh-dens i ty  l e v e l s  would be two l o b s t e r s  

pe r  t r a p  and t h e  CPUE f o r  ve ry  h i g h - d e n s i t y l e v e l s w o u l d  be about e i g h t  

l o b s t e r s  pe r  t r a p ,  and we  would conclude t h a t  very  h igh-dens i ty  l e v e l s  have 

f o u r  t i m e s  t h e  abundance as t h e  h igh-dens i ty  levels. However, i f  30-fathom 

spac ing  were used on t h e  t r a p s ,  t h e  CPUE f o r  h igh-dens i ty  l e v e l s  would be 

about 4 . 4  l o b s t e r s  p e r  t r a p  and t h e  CPUE f o r  ve ry  h igh-dens i ty  levels  would 

be 10.4 l o b s t e r s  p e r  t r a p ,  and w e  would conclude t h a t  t h e  abundance a t  very  

h igh-dens i ty  l e v e l s  would be on ly  2 . 4  t i m e s  t h e  abundance of h igh-dens i ty  

l e v e l s .  
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Table 1.--Lobster c a t c h  (number) p e r  e i g h t - t r a p  
s t r i n g  from Townsend C r o i n w e l l  cruises.  

Average Spacing (fathom) 
R e p l i c a t e  1 0  15 20 25 30 T o t a l  p e r  t r a p  

I. Low d e n s i t y  

1 3 5 0 0 18 26 0.65 
2 11 1 0  4 1 3 29 0.73 

4 1 3  0.33 4 3 - - 3 - 1 - 1 - 
T o t a l  1 5  1 6  7 5 1 2 5 1  

11. Xedium d e n s i t y  

1 9 15 10  23 16  73 

3 1 5  10  1 9  16  1 7  77 
2 23 18 1 5  18 1 0  84 

26 82 4 - 34 - 0 - 3 - 1 9  - 
T o t a l  66 46 44 a* 69 

1.83 
2.10 
1 .93  
2.05 

111. High d e n s i t y  

1 24 22 35 9 23 113 2.83 
14  34 31 9 6 94 2.35 2 

35 218 5.45 78 3 - - 38 - 44 - 23 - 
T o t a l  6 1  100 m] 96 64 

*Spacing e f f e c t  s i g n i f i c a n t  (E 5 0.05) 
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Table 2.--Mean catch per trap (number of traps) 
from commercial data. 

Spacing (fathom) 

Replicate 10 20 30 

I. High density 

1 2.40 ( N  = 17) -- 4.50 ( N  = 15) 
2 2.29 (N = 24) 4.78 (N = 18) 2.46 ( N  = 27) 
3 1.25 (N = 24) -- 5.27 ( N  = 26) 

5.52 ( N  = 25) 4 
Total 2.06 (N = 90)* 4.78 (N = 18) 4.40 (N = 93) 

2.37 (N = 25) -- 

11. Very high density 

1 7.25 (N = 16) 11.11 (N = 19) 10.18 (N = 11) 
2 8.27 (N = 26) -- 10.52 (N = 25) 

Total 7.87 ( N  = 42) 11.11 (N = 19) 10.42 (N = 36) 

*Spacing effect significant (P - <, 0.05) 


